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TO ALL WHOM IT MAY CONCERN: 

Be it known that We, Yan Liu, a citizen of People's Republic of China, 
residing at N9 Apt. 802, Lane 577 Huang Hua Road, Shanghai, China 201 103 and 
Lechong Chen, a citizen of People's Republic of China, residing at N31 Apt. 1003, Lane 
1555 Kai Xuan Bei Rd., Shanghai, China 200063 have invented a new and useful 
"METHODS AND APPARATUS FOR GENERATING A DELAY USING A 
COUNTER", of which the following is a specification. 
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METHODS AND APPARATUS FOR GENERATING A DELAY USING A COUNTER 

FIELD OF THE DISCLOSURE 
[0001] The present disclosure relates generally to processor systems and, more 
particularly, to methods, apparatus, and articles of manufacture for using a counter to 
generate delay times within processor systems. 

BACKGROUND 

[0002] It is well known that operation of a processor system is dependent on 
significant design considerations relating to, for example, processor core design, 
instruction set implementations and hardware compatibilities. Although many design 
considerations are generally related to the hardware components of a processor 
system, some of the design considerations are related to the performance of those 
hardware components during a runtime phase of the processor system. 
[0003] Generating precise delay times or timings is a hardware-related design 
consideration that is of particular importance during the runtime phase of a processor 
system. Delay times are generally associated with the various parts of a processor 
system, including hardware, firmware, software, and combinations thereof. For 
example, initializing certain peripherals during a hardware initialization process often 
requires the generation of precise delay times. In particular, initializing a peripheral 
may require register bits within the peripheral to be set in a consecutive manner 
according to a precisely controlled time sequence. Often, the controlled time 
sequence is implemented using firmware that, when executed, generates 
predetermined delay times and/or timing interrupts. 
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[0004] Another example of the importance of timings or delay times includes 
peripheral communications in which a processor system communicates with an 
external peripheral having specific timing requirements. Such timing requirements 
may include, for example, polling a device at specific time intervals. 
[0005] Delay times or timings are often implemented using interrupts such as, for 
example, timer interrupts and clock interrupts. In general, interrupts are reliable and 
effective resources that are often used to generate appropriate timings or delay times. 
However, interrupts are not always available during a runtime phase of a processor 
system, thereby making it difficult to generate appropriate timings or delay times 
without these resources. 

[0006] One example scenario in which interrupts are not available may occur in a 
pre-boot environment of a processor system when the processor and peripherals are 
initialized in preparation for booting an operating system. In particular, interrupts are 
not available in the pre-boot environment during the execution of an extensible 
firmware interface (EFI) conformant to the Extensible Firmware Interface 
Specification, version 1.02, published December 12, 2000 by Intel Corporation, Santa 
Clara. As a result, generating precise timings or delay times within the pre-boot 
environment without the use of interrupts is often not feasible. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] FIG. 1 is a functional block diagram of an example system that may be 
used to generate a desired delay time. 

[0008] FIG. 2 is an example count line and characteristic values of a timer/counter 
associated with generating a desired delay time using the time/counter of FIG. 1 . 
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[0009] FIG. 3 is a diagram of an example counter polling process based on the 
example count line of FIG. 2 and a plurality of count values. 

[0010] FIG. 4 is a flow diagram of an example delay time generation method that 
may be implemented by the example system of FIG. 1 . 

[0011] FIG. 5 is a flow diagram of another example delay time generation method 
that may be implemented by the example system of FIG. 1 . 

[0012] FIG. 6 is a block diagram of an example processor system that may be 
used to implement the apparatus, methods, and articles of manufacture described 
herein. 



DETAILED DESCRIPTION 
[0013] FIG. 1 is a functional block diagram of an example system 100 that may 
be used to generate a desired delay time. However, before discussing the system 100 
of FIG. 1 in detail, it is important to recognize that the structure shown in FIG. 1 may 
be implemented using any desired combination of hardware and/or software. For 
example, one or more integrated circuits, discrete semiconductor components, or 
passive electronic components may be used. Additionally or alternatively, some or 
all, or parts thereof, of the structure may be implemented using instructions, code, or 
other software and/or firmware, etc. stored on a machine readable medium that, when 
executed by, for example, a processor system (e.g., the processor system 610 of FIG. 
6), perform the methods disclosed herein (e.g., the methods shown in FIGS. 4 and 5). 

[0014] In general, the example system 100 uses a counter (e.g., a timer/counter) to 
generate a precise delay time without the use of interrupts or the like. As a result, the 
example system 100 may be used, for example, to generate precise delay times within 



-3- 



PATENT 
INTEL/17587 

a pre-boot environment of a processor system or any other runtime phase or 
operational state in which interrupts and/or other timing resources may not be 
available. More specifically, as described in greater detail below, the example system 
100 uses the known characteristics of a counter (or timer/counter) such as, for 
example, the minimum and maximum count values and the amount of time required 
for the counter to count from the minimum to the maximum count value, to generate a 
precise delay time. 

[0015] In some examples, the example system 100 computes a number of loops 
value (e.g., timer/counter rollover events) and a remaining or residual count value 
required to generate a desired delay time using the counter. The example system 1 00 
may also be configured to read the value (i.e., count value) of the counter in, for 
example, a polling process. The example system 100 may then perform comparisons 
based on obtained count values and computed values to generate a delay time. 

[0016] Now turning in detail to FIG. 1, the example system 100 includes a 
timer/counter 102, a count reader 104, a value modifier 106, a comparator 108, a 
value generator 110, and a loop counter 112, all of which may be communicatively 
coupled as shown. The timer/counter 102 may be a non-resetable or resetable counter 
and/or timer of any desired bit-length (e.g., an 8-bit timer/counter, a 16-bit 
timer/counter, etc.) that generates count values by incrementing or decrementing a 
count value. In particular, the timer/counter 102 may be configured to increment a 
count value from a minimum count value to a maximum count value and to generate 
rollover events as described in greater detail in connection with FIG. 2 below. The 
timer/counter 102 is communicatively coupled to the count reader 104 and allows the 
count reader 104 to read its count values and/or is configured to send its count values 
to the count reader 104. Additionally, the timer/counter 102 is communicatively 



PATENT 
INTEL/17587 

coupled to the value generator 110 and provides characteristic values of the 
timer/counter 102 to the value generator 110. 

[0017] As shown in FIG. 1, the count reader 104 is communicatively coupled to 
the timer/counter 102, the value modifier 106, the comparator 108, and the value 
generator 1 10. The count reader 104 obtains a count value from the timer/counter 102 
and may be configured to make a single reading (i.e., obtain a single count value) of 
the timer/counter 102 and/or to make multiple readings of the timer/counter 102 via a 
polling process or any other desired technique for obtaining count values. The count 
reader 104 may also be configured to convey the count value from the timer/counter 
102 to the value modifier 106, the comparator 108, and the value generator 1 10. 

[0018] The value modifier 106 may be configured to modify and/or update values 
such as, for example, count variable values that, as described in greater detail below, 
may be used to store count values of the timer/counter 102 read by the count reader 
104. In particular, the value modifier 106 may be configured to receive or retrieve 
count values from the count reader 104 (e.g., the count values read from the 
timer/counter 102) and comparison results from the comparator 108. The value 
modifier 106 may modify or update, for example, count variable values based on the 
count values and/or the comparison results. Additionally, the count variable values 
may be communicated to the comparator 108. 

[0019] The comparator 1 08 may be configured to receive or retrieve count values 
from the count reader 104, variable count values from the value modifier 106, delay 
time generation values from the value generator 1 10, and loop count values from the 
loop counter 112. The comparator 108 may be configured to perform comparisons 
based on the count values and to generate comparison results based on the 
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comparisons. Additionally, the comparison results may be communicated to the value 
modifier 106, the value generator 110, and the loop counter 112. 

[0020] The value generator 110 may be configured to generate values such as, for 
example, delay time generation values associated with generating a desired delay 
time. Additionally, the value generator 110 may be configured to receive or retrieve 
count values from the count reader 104 and timer/counter characteristic values from 
the timer/counter 102. Timer/counter characteristic values may include a minimum 
count value, a maximum count value, and a loop period value (i.e., time required to 
increment a count value from the minimum count value to the maximum count value) 
of the timer/counter 102. The value generator 110 may be configured to generate, for 
example, delay time generation values based on the count values and the 
timer/counter characteristic values. The delay time generation values may be 
communicated to the comparator 108 and the loop counter 112. 

[0021] In general, the loop counter 1 12 is configured to receive or retrieve delay 
time generation values from the value generator 110 and comparison results from the 
comparator 108. Additionally, the loop counter 1 12 may be configured to generate 
loop count values that are associated with a number of rollover events generated by 
the timer/counter 102. The number of rollover events generated by the timer/counter 
102 may be detected via a comparison operation performed by the comparator 108. 
The loop counter 1 12 generates loop count values by decrementing or incrementing a 
number of loops value based on, for example, the comparison results and the delay 
time generation values. 

[0022] FIG. 2 is an example count line 200 and characteristic values of a 
timer/counter (e.g., the timer/counter 102 of FIG. 1) associated with implementing a 
desired delay time using the timer/counter 102 of FIG. 1 . In general, the count line 
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200 diagramatically represents the relationship between a count value stored in the 
timer/counter 102 and elapsed time. The relationship between the count value and 
elapsed time for a particular timer/counter may be, for example, a function of the rate 
at which the timer/counter represented by the count line 200 is clocked. 

[0023] As shown in FIG. 2, the example count line 200 is characterized by a zero 
count value 202, a loop period value 7i 204, and a maximum count value C M 206. 
These characteristic values may be used, for example, during a runtime phase to 
implement a desired delay time ( Jb). By way of example only, the example count 
line 200 is described as being associated with the timer/counter 102 of FIG. 1 . 
However, the example count line 200 may be applied in a similar manner to any other 
counter, timer, or timer/counter. Continuing with the example, the zero count value 
202 may be a count value of zero or the minimum value that can be represented by the 
timer/counter 102. The maximum count value C M 206 is the maximum value that the 
timer/counter 102 can count prior to a rollover event. A rollover event occurs when 
the timer/counter 1 02 reaches its maximum count value C M 206 and the subsequent 
count value is equal to the zero count value 202 (i.e., C M + 1 = 0). For example, the 
maximum count value C M 206 of an 8-bit counter is equal to the quantity 2 8 - 1 (i.e., 
255). When such an 8-bit counter reaches a count value of two hundred and fifty-five 
(i.e., the maximum count value C M 206), a rollover event occurs when the 8-bit 
counter is incremented to the next count value of the 8-bit counter, which is the zero 
count value 202. The loop period value 7L 204 for the 8-bit counter is equal to the 
amount of time required for the timer/counter 102 (FIG. 1) to increment the count 
value from its zero count value 202 to its maximum count value C M 206. 

[0024] FIG. 3 is a diagram of an example counter polling process based on the 
example count line 200 of FIG. 2 and a plurality of count values. The counter polling 
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process of FIG. 3, when used in combination with a timer/counter unit such as, for 
example, the timer/counter 102 of FIG. 1 enables the generation of a desired delay 
time. The counter polling process depicted in FIG. 3 includes a plurality of count 
values that are obtained during a runtime phase by polling (i.e., reading or otherwise 
obtaining) a running count value of the timer/counter 102 during one or more counter 
cycles or loops. A series of sequential count values is generated by the timer/counter 
1 02 when it is enabled and incrementing a count value or running. Each running 
count value (i.e., a particular count value within the series of count values) is 
associated with a previous count value C P (e.g., previous count values 302, 306, and 
308) and/or a current count value C c (e.g., current count values 304, 308, and 310). 
The current count value C c is obtained by reading a current value of the timer/counter 
102. The previous count value C P is the current count value Cc obtained during the 
preceding reading of the running count value of the timer/counter 102. 
[0025] Each previous count value C P and current count value Cc is stored in a 
previous count variable value X C p and a current count variable value X C c, respectively 
(not shown). The count variable values X C v and X C c may be overwritten by respective 
previous count values C P and current count values Cc after each reading or polling of 
the timer/counter 102. 

[0026] An example reading of the timer/counter 102 is shown as the current count 
value C c 304 and the previous count value C P 306. In particular, the running count 
value of the timer/counter 102 is read to obtain the current count value C c 304, which 
is stored in the current count variable value Xcc- As will be described in greater detail 
in connection with FIGS. 4 and 5 below, the current count variable value X C c is 
compared to a previous count value C P (i.e., the previous count value C P 302) that is 
stored in the previous count variable value X C p. Based on the comparison, a 
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subsequent previous count value Cp such as, for example, the previous count value Cp 
306 may be set equal to the current count value Cc 304 and stored in the previous 
count variable value Xcp, thereby overwriting the previous count value Cp 302. In this 
manner, a processor system (e.g., the processor system 610 of FIG. 6) may implement 
a desired delay time by polling the timer/counter 102 (FIG. 1) to obtain previous 
count values Cp and current count values C c . 

[0027] Counter cycles or loops are depicted in FIG. 3 using the subscripts (0), (1), 
and (h), where the value n represents a number of counter cycles or loops. By way of 
example, the counter polling process of FIG. 3 depicts two counter cycles or loops 
bound by the previous count value C P 302 and the current count value Cc 310. 
Additionally, each counter cycle includes one rollover event. A rollover event may be 
detected by comparing a current count value Cc to a previous count value Cp. If the 
previous count value Cp is greater than the current count value Cc (as illustrated by 
the previous count value C P 308 and the current count value Cc 310), a rollover event 
has been generated or has occurred. 

[0028] FIG. 4 is a flow diagram of an example delay time generation method 400 
that may be implemented by the example system 100 of FIG. 1 . The example delay 
time generation method 400 may be performed during a pre-boot phase or 
initialization process (i.e., in a non-interrupt environment) and/or during any other 
runtime phase. A desired delay time may be implemented by obtaining timer/counter 
characteristic values (e.g., the loop period value TL 204 and the maximum count value 
C M 206 described in connection with the example count line 200 of FIG. 2 above) mad 
the count variable values Xcp and Xcc described in connection with FIG. 3 above. 

[0029] Additional values associated with generating a desired delay time may be 
obtained and/or determined using the example delay time generation method 400. 
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The additional values may include an initial count value C h a delay count value C D , a 
number of loops value L, and a remaining count value C R , all of which are described 
in greater detail below. Values may be determined during a runtime phase or prior to 
a runtime phase, stored in a memory, and retrieved multiple times during a runtime 
phase. In addition, values may be determined a number of ways such as, for example, 
calculating them using a processor system and/or retrieving them from a memory. 

[0030] The initial count value C\ is associated with a first count value obtained by 
reading the count value of a timer/counter such as, for example, the timer/counter 102 
of FIG. 1 . Additionally, the initial count value C\ may be any value that can be 
represented by the timer/counter 102 and that is greater than or equal to the zero count 
value 202 (FIG. 2) and less than or equal to the maximum count value C M 206 (FIG. 
2) (i.e., zero count value 202 < C\ < C M 206). The initial count value C\ may be used 
to determine the delay count value C D , the number of loops value L, and the 
remaining count value C R as described in connection with Equations 1-3 below. 

[0031] The delay count value C D determines the number of counts of the 
timer/counter 102 that are required to generate a desired delay time. For example, if 
the desired delay time is equal to the amount of time indicated by the loop period 
value T L 204 (FIG. 2), the delay count value C D is set equal to the maximum count 
value C M 206. In that case, the timer/counter 1 02 increments a number of counts 
equal to the maximum count value C M 206 to implement the desired delay time. 

[0032] The number of loops value L is defined by the number of times that the 
timer/counter 102 reaches a specific count value and is generally associated with a 
number of rollover events. For example, if the specific count value is defined as the 
zero count value 202 (FIG. 2), the number of loops value L is equal to the number of 
times that the count value of the timer/counter 102 reaches the zero count value 202 
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(FIG. 2). In this manner, the timer/counter 102 generates a number of rollover events 
equal to the number of loops value L. Additionally, by way of example, the number 
of loops value L is shown in FIG. 3 by the subscripts (0), (1), and («). As described 
above in greater detail in connection with FIG. 3, the subscript value n is equal to a 
number of counter cycles or loops. 

[0033] The remaining count value Cr is any value that can be represented by the 
timer/counter 102 (FIG. 1) and that is greater than or equal to the zero count value 
202 and less than or equal to the maximum count value C M 206. In general, the 
remaining count value C R is used following a final loop of the timer/counter 102 to 
determine when the desired delay time has been reached. In other words, the desired 
delay time is generated by allowing the timer/counter 102 to complete a number of 
counter cycles or loops equal to the number of loops value Z, after which comparisons 
are performed based on the remaining count values Cr and counter values obtained by 
polling the timer/counter 102 to determine if the desired delay time has been reached. 

[0034] Now turning in detail to the example delay time generation method 400 of 
FIG. 4, the timer/counter 102 (FIG. 1) is enabled (block 402), thereby causing the 
timer/counter 102 to run or begin incrementing a count value. An initial count value 
C\ is obtained by reading the running count value of the timer/counter 102 (block 
404). Delay time generation values, including the delay count value C D , the number 
of loops value Z,, and the remaining count value C R are then determined (block 406) 
by, for example, the value generator 110 (FIG. 1). 

[0035] The delay count value C D may be determined based on the delay time 
value 7b, the loop period value 71 204, and the maximum count value C M 206 
according to Equation 1 below. 
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Equation 1 



C D =\ 



As shown in Equation 1 , the delay count value Co may be determined by dividing the 
delay time value T D by the loop period value T L 204 and multiplying the result by the 
maximum count value C M 206. 

[0036] In general, the number of loops value L may be determined based on the 
delay count value C D , and the maximum count value C M 206 according to Equation 2 
below. 



Equation 2 
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As shown in Equation 2, the number of loops value L may be determined by dividing 
the delay count value C D by the maximum count value C M 206 and rounding the result 
to the nearest integer value. Alternatively, the number of loops value L may also be 
determined by dividing the delay time value 7b by the loop period value T L 204 and 
rounding the result to the nearest integer value. 

[0037] The remaining count value C R may be determined based on the delay 
count value C D , the number of loops value L, and the maximum count value C M 206 
according to Equation 3 below. 
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Equation 3 
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[0038] As shown in Equation 3, the remaining count value C R may be determined 
by multiplying the number of loops value L by the maximum count value C M 206 and 
subtracting the result from the delay count value Co. Alternatively, the remaining 
count value Cr may also be determined by subtracting the number of loops value L 
from the quotient of the delay time value T& divided by the loop period value 7l 204 
and multiplying the result by the maximum count value C M 206. 

[0039] A first previous count value is then initialized (block 408) by, for example, 
setting the previous count value C P 302 (FIG. 3) equal to the initial count value C\ and 
storing the previous count value C P 302 in the previous count variable value Acp. The 
timer/counter 102 (FIG. 1) is then polled and the current count value C c 304 (FIG. 3) 
is read from the timer/counter 102 (block 410) and stored in the current count variable 
value Xqc- A comparison of the current count variable value X C c, the initial count 
value Q, and the previous count variable value Xcp is then performed (block 412) to 
determine if a loop of the timer/counter 102 has completed. 

[0040] If the previous count variable value Xcp is less than the initial count value 
C\ and the initial count value C\ is less than or equal to the current count variable 
value X C c (i.e., X CP < C, < X cc ), a rollover event is detected and the number of loops 
value L is decremented (block 414). After decrementing the number of loops value L 
at block 414, or if the previous count variable value Xcp is not less than the initial 
count value Ci, and/or the initial count value C\ is not less than or equal to the current 
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count variable value X C c at block 412, control is passed to block 416. At block 416, 
the previous count value C P 306 (FIG. 3) is set equal to the current count value Cc 
304 and stored in the previous count variable value ^fcp- 

[0041] A zero test is then performed on the number of loops value L (block 41 8) 
to determine if the number of loops value L is greater than zero. If the number of 
loops value L is greater than zero, control is passed back to block 410. On the other 
hand, if the number of loops value L is not greater than zero at block 418, another 
current count value C c is obtained (block 420) and stored in the current count variable 
value Xcc- 

[0042] A comparison is made to determine if the current count variable value X C c 
is less than the initial count value C\ (block 422). If the current count variable value 
Xcc is less than the initial count value Q, the current count variable value Xcc is 
updated by adding the current count variable value Xcc to the maximum count value 
C M and storing the result in the current count variable value Xcc (i.e., X C c — Xcc + 
C M ) (block 424). 

[0043] After the current count variable value Xcc is updated (block 424) or if it is 
determined at block 422 that the current count variable value X C c is not less than the 
initial count value Ci, a comparison is made to determine if the delay time has been 
reached based on the current count variable value X C c, the initial count value Ci, and 
the remaining count value C R (block 426). If it is determined at block 426 that the 
current count variable value Xcc minus the initial count value C\ is less than the 
remaining count value C R (i.e., (Xcc - Ci) < C R ), control is passed back to block 420. 
However, if it is determined at block 426 that the current count variable value Xcc 
minus the initial count value C\ is not less than the remaining count value Cr, the 
desired delay time has been reached. 

-14- 
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[0044] FIG. 5 is a flow diagram of another example delay time generation method 
500 that may be implemented by the example system 100 of FIG. 1. The example 
delay time generation method 500 may be performed during a pre-boot phase or 
initialization process (i.e., in a non-interrupt environment) and/or during any other 
runtime phase. The example delay time generation method 500 may be used to 
generate a desired delay time by determining delay time generation values based on 
an initial count value (e.g., the initial count value C\ described in greater detail in 
connection with FIG. 4 above). More specifically, the initial count value C\ may be 
used to determine a delay count value C D , a number of loops value L, and a remaining 
count value C R as described in connection with Equations 4-6 below. Furthermore, 
the desired delay time may be generated by the example delay time generation 
method 500 based on the delay time generation values, the loop period value 21 204 
(FIG. 2), and the maximum count value C M 206 (FIG. 2), and the count variable 
values X CP and X C c (FIG. 3). 

[0045] Now turning in detail to the example delay time generation method 500 of 
FIG. 5, a timer/counter (e.g., the timer/counter 102 of FIG. 1) is enabled (block 502), 
thereby causing the timer/counter 1 02 to run or begin incrementing count values. The 
initial count value C\ is obtained by reading the running count value of the 
timer/counter 102 (block 504). The delay time generation values, including the delay 
count value Co, the number of loops value Z,, and the remaining count value C R are 
then determined (block 506) by, for example, the value generator 110 (FIG. 1). 

[0046] The delay count value C D may be determined based on the delay time 
value 7b, the loop period value T L 204, the maximum count value C M 206, and the 
initial count value Q according to Equation 4 below. 
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Equation 4 




As shown in Equation 4, the delay count value Co may be determined by dividing the 
delay time value T D by the loop period value T L 204, multiplying the result by the 
maximum count value C M 206, and adding the result to the initial count value C\. 

[0047] In general, the number of loops value L is determined based on the delay 
count value C D and the maximum count value Cm 206 according to Equation 5 below. 



As shown in Equation 5, the number of loops value L may be determined by dividing 
the delay count value C D by the maximum count value C M 206 (FIG. 2) and rounding 
the result to the nearest integer value. Alternatively, the number of loops value L may 
also be determined by dividing the delay time value T D by the loop period value T L 
204, adding the result to the quotient of the initial count value C\ divided by the 
maximum count value C M 206, and rounding the result to the nearest integer value. 

[0048] The remaining count value Cr may be determined based on the delay 
count value C D , the number of loops value Z, and the maximum count value C M 206 
according to Equation 6 below. 



Equation 5 
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Equation 6 



I 3 ! J 



[0049] As shown in Equation 6, the remaining count value C R may be determined 
by multiplying the number of loops value L by the maximum count value C M 206 and 
subtracting the result from the delay count value C D . Alternatively, the remaining 
count value Cr may be determined by adding the initial count value C\ to the product 
of the maximum count value C M 206 and the quantity of the number of loops value L 
subtracted from the quotient of the delay time value T D divided by the loop period 
value T L 204. 

[0050] A first previous count value is then initialized (block 508) by, for example, 
setting the previous count value C P 302 (FIG. 3) equal to the initial count value C\ and 
storing the previous count value Cp 302 in the previous count variable value Xcp. A 
current count value C c 304 (FIG. 3) is read from the timer/counter 102 (block 510) 
and stored in the current count variable value X C c- The current count variable value 
X C c is compared to the previous count variable value X C p (block 512) to determine if a 
loop of the timer/counter 102 has been completed. 

[0051] If the current count variable value Xcc is less than the previous count 
variable value X C p (i.e., X C c < -*cp), a rollover event is detected and the number of 
loops value L is decremented (block 514). After decrementing the number of loops 
value L at block 514, or if the current count variable value Xcc is not less than the 
previous count variable value X C p at block 512, control is passed to block 516. At 
block 516, a previous count value C P 306 (FIG. 3) is set equal to the current count 
value Cc 304 (FIG. 3) and stored in the previous count variable value X C p. 
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[0052] A zero test is then performed on the number of loops value L (block 518) 
to determine if the number of loops value L is greater than zero. If the number of 
loops value L is greater than zero, control is passed back to block 5 1 0. On the other 
hand, if the number of loops value L is not greater than zero, the previous count value 
C P 306 (FIG. 3) is set equal to the current count value C c 304 (FIG. 3) and stored in 
the previous count variable value Xcp (block 520). Another current count value Cc is 
then obtained (block 522) and stored in the current count variable value X C c- 

[0053] The current count variable value X C c is then compared to the remaining 
count value Cr and the previous count variable value X C p (block 524). If the current 
count variable value X C c is less than the remaining count value C R and the previous 
count variable value Xq? is less than the current count variable value Xqq (i.e., Xqc < 
C R and X C p < X C c) control is passed back to block 520. However, if the current count 
variable value X C c is not less than the remaining count value C R and/or the previous 
count variable value X C p is not less than the current count variable value Xcc, the 
desired delay time has been reached. 

[0054] FIG. 6 is a block diagram of an example processor system 610 that may be 
used to implement the apparatus, methods, and articles of manufacture described 
herein. As shown in FIG. 6, the processor system 610 includes a processor 612 that is 
coupled to an interconnection bus or network 614. The processor 612 includes a 
register set or register space 616, which is depicted in FIG. 6 as being entirely on- 
chip, but which could alternatively be located entirely or partially off-chip and 
directly coupled to the processor 612 via dedicated electrical connections and/or via 
the interconnection network or bus 614. The processor 612 may be any suitable 
processor, processing unit or microprocessor such as, for example, a processor from 
the Intel X-Scale™ family, the Intel Pentium™ family, etc. Although not shown in 
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FIG. 6, the processor system 610 may be a multi -processor system and, thus, may 
include one or more additional processors that are identical or similar to the processor 
612 and which are coupled to the interconnection bus or network 614. 
[0055] The processor 612 of FIG. 6 is coupled to a chipset 618, which includes a 
memory controller 620, an input/output (I/O) controller 622, and a timer/counter unit 
623. As is well known, a chipset typically provides I/O and memory management 
functions as well as a plurality of general purpose and/or special purpose registers, 
timers, etc. that are accessible or used by one or more processors coupled to the 
chipset. The memory controller 620 performs functions that enable the processor 612 
(or processors if there are multiple processors) to access a system memory 624 and a 
non- volatile memory 625. 

[0056] The system memory 624 may include any desired type of volatile memory 
such as, for example, static random access memory (SRAM), dynamic random access 
memory (DRAM), etc. The non- volatile memory 625 may include any desired type 
of non- volatile memory such as flash memory or read only memory (ROM). 
Furthermore, pre-boot system initialization instructions that form part of a basic input 
output system (BIOS) or an EFI may be stored on the non-volatile memory 625 for 
access during a pre-boot system initialization process (i.e., prior to an operating 
system boot process). 

[0057] The I/O controller 622 performs functions that enable the processor 612 to 
communicate with peripheral input/output (I/O) devices 626 and 628 via an I/O bus 
630. The I/O devices 626 and 628 may be any desired type of I/O device such as, for 
example, a keyboard, a video display or monitor, a mouse, etc. 

[0058] The timer/counter unit 623 may be substantially similar or identical to the 
timer/counter 102 of FIG. 1 and may be used during a runtime phase of the processor 
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system 610 to implement delay times and/or timed system events. The timer/counter 
unit 623 may also include an Advanced Configuration and Power Interface (ACPI) 
timer and/or a non-resetable timer. The ACPI timer may be configured to function 
during a pre-boot processor system initialization process. 

[0059] While the memory controller 620, the I/O controller 622 and the 
timer/counter unit 623 are depicted in FIG. 6 as separate functional blocks within the 
chipset 618, the functions performed by these blocks may be integrated within a 
single semiconductor circuit or may be implemented using two or more separate 
integrated circuits. 

[0060] The methods described herein may be implemented using instructions that 
are stored on a computer readable medium and executed by the processor 612. The 
computer readable medium may include any desired combination of solid state, 
magnetic and/or optical media implemented using any desired combination of mass 
storage devices (e.g., disk drive), removable storage devices (e.g., floppy disks, 
memory cards or sticks, etc.), and/or integrated memory devices (e.g., random access 
memory, flash memory, etc.). 

[0061] Although certain methods, apparatus, and articles of manufacture have 
been described herein, the scope of coverage of this patent is not limited thereto. To 
the contrary, this patent covers all methods, apparatus, and articles of manufacture 
fairly falling within the scope of the appended claims either literally or under the 
doctrine of equivalents. 
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